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1. Pages Di, DT, and D11 (on microfiche): Sampling dates of 3 June
1975, 29 July 1975, and 2L September 1975 should read 3 June 1974,
29 June 1974, and 24 September 1974, respectively.

2. Page 15, Figure 3, figure title should read: Figure 3. Geographic
location of collection sites in Georgia: A - Distichlis spicata, Iva
frutescens, Spartina patens, end Sporobolus virginicus; end B - Bourichia
frutescens and Spartina cynosuwroides
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WATERWAYS EXPERIMENT STATION, CORPS OF ENGINEERS
P. O. BOX 631
VICKSBURG, MISSISSIPPI 39180

IN REPLY REFER TO:  WESYV 30 November 1977

SUBJECT: Transmittal of Technical Report D-77-36

TO: All Report Recipients

1. The technical report transmitted herewith represents the results of
one of the research efforts (work units) under Task 4A (Marsh Develop-
ment) of the Corps of Engineers' Dredged Material Research Program
(DMRP). Task 4A is part of the Habitat Development Project of the DMRP
and is concerned with developing, testing, and evaluating the environ-
mental, economic, and engineering feasibility of using dredged material
as a substrate for marsh development.

2. Net annual aerial primary productivity is a commonly used descriptor
of the value of salt marshes. Primary productivity here is considered
the rate at which the sun's energy is stored as green tissue available
to the ecosystem. This work unit (4A01Al) deals with several key aspects
of the primary productivity of selected minor marsh plants in Maine,
Delaware, and Georgia. Specifically, the topics of plant density,
biomass, detrital flux, mortality, and comparisons of techniques for
measuring productivity are addressed. The information derived in this
study should be of direct value in evaluating the relative ecological
importance of potential dredged material disposal sites. The informa-
tion provided will also be exceptionally useful in the design of new
marsh habitats on dredged material.

3. Work Unit 4A04Al is one of several research efforts designed by the
DMRP to document marsh productivity and the factors which influence that
productivity. Closely related work units are 4A04A2, which deals with
marsh plant substrate selectivity and underground biomass production;
4A04B, which addresses the productivity of minor marsh species in
Louisiana; and 4A05 in which a simulation model to predict salt marsh
productivity was developed. In a less intensive study, Work Unit 4A20
will provide a general evaluation of salt marsh productivity of the
Pacific coast of the United States. Additional supportive and compara-
tive data will be forthcoming with the final analysis of the results of
field studies at Windmill Point, Virginia, (4All); Buttermilk Sound,
Georgia, (4Al12); Apalachicola, Florida, (4A19); Bolivar Peninsula,
Texas, (4A13); Pond No. 3, San Francisco Bay, California, (4Al8); and



WESYV 30 November 1977
SUBJECT: Transmittal of Technical Report D-77-36

Miller Sands, Oregon, (4B05). Together these research products provide
the Corps with a comprehensive basis for sound management decisions
regarding dredged material in salt marsh habitats.

JOHN L. CANNON

Colonel, Corps of Engineers
Commander and Director
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EXECUTIVE SUMMARY

Over the past two centuries, many of our nation's wetlands have
been filled or drained for agricultural, industrial, or residential
expansion. During the last two decades, the ecological importance of
wetlands has been a focal point for coastal research. Numerous at-
tempts have been made to classify these wetlands in terms of fish and
wildlife habitats, i.e. according to aesthetic or subjective values.
Wetland marsh areas have been defined as areas that are inundated or
recharged with sufficient frequency to be capable of supporting
herbaceous vegetation that requires or tolerates the saturated soils
for growth or reproduction under normal circumstances. Numerous
criteria have been assessed in considering the importance of these
wetlands. Hydraulics and stream order, the depth, frequency, and dura-
tion of flooding, the capacity for release and assimilation of
materials, the regional micro-climatology, the fish and wildlife
habitat, the frequency and duration of saturation, and the primary
productivity above ground and below ground of the plants, all are
parameters that have received attention relative to establishing
marsh value for management decisions. Although a number of scientific
proofs have been offered relative to wetlands values, the most
credible factors concern the relationship between marsh plant produc-
tion and the aquatic fish and invertebrate production. Past studies
have focused on wildlife and natural history studies of the fauna of
the coast. More recently, scientists have begun to quantify the growth
or primary production of plants since this primary production of plants
is the basis for the entire coastal estuarine food web.

Proceeding on the assumption that these coastal marshlands do
have an ecological value, some marshes must be more valuable than
others. There also must be ways of assessing the value of marshes so
that management decisions relative to their conservation may be made.
This evaluation, however, must be quantitative, scientific, objective
and reasonable as a criterion for deciding which marshes should be

protected and preserved and which ones should be exploited. An
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ecological rating system that relies on natural resource management
principles and personnel to make the measurements would seem to be
appropriate to quantify the importance of various types of wetlands.

Research efforts in the past two decades relative to the primary
productivity of marsh plants have focused on the plant, Spartina
alterniflora. Management decisions relative to marsh were made on a
data base of Spartina alterniflora. When other species of plants
were considered relative to marsh perturbation, they were always con-
sidered less important or "minor species" because of the lesser areal
extent when contrasted to Spartina alterniflora. A thorough review
of the scientific literature, however, revealed that any management
decisions based on the primary productivity of the "minor species"
of marsh plants heretofore had been based on mythology and not upon
competent scientific research. Consequently, the purpose of this study
was to evaluate the importance of the primary productivity of a variety
of speciesof salt marsh plants commonly occurring along the eastern
coast of the United States relative to the disposition of dredged
material. The results are intended to assist in management decisions
relative to marsh values which in turn suggest the kinds of marsh which
can be altered or disturbed or used as sites for deposition of dredged
material during waterway maintenance activities.

Using similar methodology, the primary production of the salt
marsh plants commonto the Atlantic coastal zone was determined in
Delaware, Georgia, and Maine over a 2 yr period. Parameters deter-
mined included aerial plant density, biomass, detritus flux, estimated
net primary productivity, and mortality., The elevation, above or
below mhw, at which each plant exists was determined. An evaluation
of the net aerial primary production estimation methodology was also
considered.

At the outset of the study, it was comnsidered that Spartina
alterniflora was the most prolific primary producer in the east coast
marshes. It was also assumed that marsh primary production decreased
with increasing latitude. Studies heretofore conducted during

different years using different methodologies had suggested a dramatic
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decrease in primary production in the more northerly latitudes con-
trasted with the southern latitudes. The results of this study indi-
cate that Spartina patens in Maine and Spartina cynosurodides in Georgia
are among the most productive plants along the eastern coast. This is
contrary to the belief that Spartina alterniglora is the most productive
marsh plant in Georgia. Juicus gerardii on the creekbank in Maine and
Distichlis spicata and Spartina patens in Georgia all had somewhat les-
ser primary production than Spartina patens in Maine and Spartina
cynosurnoddes in Georgia. In ranking these species, production decreased
among the plants considered. Those of the lowest production included
Sporobolus vinginicus in Georgia and Juncus gerardii on the highmarsh
in Maine. The primary production ranged from over 6,000 g/mz/yr to

600 g/m2/yr. An analysis of the four parts of this report reveals the
tremendous significance of the formerly known "minor species" as
important sources of primary production and detritus for the sustenance
of the estuarine ecosystem. Consideration of the density of stems

per unit area reveals that the greatest stem density occurred in the
plants from Maine. Evaluation of the tidal range in which the plants
live revealed that none of the plants from Delaware or Georgia (ex-
cept Spartina cynosuroides) live below mhw; however, several of the
plant species in Maine occur below mhw.

The report summarizes a computation of each of the measured
variables and relates the results to earlier literature. The data
document a highly productive nature of the '"minor marsh plant species",
formerly considered to be minor simply because of their relatively
lesser abundance and supposedly lower productivity. The data reveal
that in terms of ecological values one must consider the estuarine
macrophytes studied (Borrichia frutescens, Distichlis spicata, Iva
frutescens, Juncus gerardii, Phragmites communis, Spartina alterni-
flora, Spartina cynosuroides, Spartina patens, and Sporobolus virgini-
cus) as valuable natural resource components when planning for the
deposition of dredged material. In terms of detritus production,
the main energy source for estuarine metabolism, the contribution

of these minor plants is very significant and deserving of attention
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when making management decisions, Although earlier data had suggested
the latitudinal differences, the results revealed that there was no
evidence to suggest that a difference in the length of the growing
season had a pronounced effect on the maximum values of the parameters
measured. Although the envirommental metabolism and decomposition of
the dead material was greater in the southern latitudes, the primary
production appeared to be more equal throughout the regime studied.
There are differences in the climate, soil properties, tidal activity,
and other biotic and abiotic factors that act on any single site;
therefore differences in environmental metabolism account for the
differences in primary production of each minor marsh plant considered.
Since primary production is one of the more important parameters of
the marsh in terms of an ecological evaluation, intensive consideration
of the aerial primary production reported herein, and the below-ground
primary production (in a companion report by J. L. Gallagher et al.),
become essential ingredients in competent environmental management

decision making.
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PRIMARY PRODUCTIVITY OF MINOR MARSH PLANTS IN
DELAWARE, GEORGIA, AND MAINE

PART I: INTRODUCTION

The extensive nature of this study has resulted in reams of
information. To make the material more comprehensive and under-
standable, it has been segmented. The first major section deals
with the geographic details of the study and the aerial plant density
and biomass data from the collection sites in Delaware, Georgia, and
Maine. The second section summarizes the detritus flux, mortality,
and estimated net primary productivity of the plants. The third
section discusses the problems associated with primary production
estimation and considers the results of this study in light of
several methodologies commonly employed for production measurements.
The ancillary data related to climatological data, tidal data, monthly
mean values for living biomass, dead biomass, live:dead ratios,
living stem densities, individual stem weights, percent dead,
instantaneous rate of detritus flux, mortality, and estimated primary
productivity all are appended to the report. Some information is
repeated so that each section may be considered independently.

General data are presented in the appendices as follows:
Appendix A - Monthly Climatological Data; Appendix B - Tidal Data;
and Appendix C - Monthly Mean Values for Angiosperms Sampled.
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PART II: BASELINE INFORMATION ON AERTAL PLANT DENSITY AND
BIOMASS FOR SELECTED ESTUARINE ANGIOSPERMS

Introduction

1. The importance of the salt marsh-estuarine ecosystem has
been well documented in the literature (Odum 1961, Teal 1962, Odum
and de la Cruz 1967, Cooper 1969, Sweet 1971, Gosselink et al.
1974). The coastal zone of the United States appears to be one of
the most economically and ecologically productive regions in the
nation (Reimold 1976,) In addition, the salt marsh-estuarine
ecosystem has been shown to function as a buffer zone between
tidal waters and land during storms, as a nursery ground for a
variety of marine organisms, and as an energy source for the estuary
itself. However, with the intensification of coastal zone usage
(shore-line development, fisheries, aquaculture, and mineral explora-
tion), it is necessary to gain a more complete understanding of the
salt marsh ecosystem.

2, A majority of studies of the estuarine system energetics
have been primarily based on studies of Spartina alterniflora
(Smalley, 1958; Morgan, 1961; Odum, 1961; Teal, 1962; Good, 1965;
Stroud and Cooper, 1968; Johnson, 1970; Kirby, 1971; Durand and
Nadeau, 1972; Reefe and Boynton, 1973; Wiegert et al., 1975). Teal
(1962) assimilated the earlier works of many researchers in the
southeastern salt marshes. and produced a conceptual model of energy
flow and the magnitudes of cyclic fluxes. More recently, these studies
have turned to mathematical model studies incorporating algal activity
information, nutrient cycles, aerial harvest information, and below-
ground biomass activity (Pomeroy et al., 1972; Day et al., 1973;
Reimold, 1974; Wiegert et al., 1975).

3. As Federal, State, and private interests continue to exert
efforts toward a more complete understanding of the estuarine system,
energetics studies resulting in models designed to predict the out-

come of perturbations will continue. The purpose of this study was
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to acquire baseline seasonal density and biomass estimates of the
plant species often ignored due to their relatively small areal
extent along the eastern shore of the United States. This informa-
tion is basic to all energetics studies if a complete analysis of

the salt marsh-estuarine system is to be made possible.

Methods

4. Saline marsh sites in Maine, Delaware, and Georgia were
selected for study (Figures 1 - 3). Selection criteria included a
broad latitudinal range (31°19' to 44°34'), logistically feasible
access within the time allowed for collection and preparation of
samples (1 week), and laboratory facilities which could be utilized
for immediate preparation of the samples. Marshes were selected
which had similar vegetative diversity with monospecific stands of
the angiosperms to be evaluated. Sites were subjectively selected
in order to limit the effect of varying envirommental conditions.

5. Optimum quadrat size used for sampling aerial plant material
was determined in August 1973 according to the method of Wiegert
(1962). The plant species chosen for investigation, the states
where they were sampled, and the quadrat sizes used are shown in
Table 1.

6. Juncus gerardii stands in Maine were referred to as creek-
bank where the plants were growing on a steep slope above the Spartina
alterniflora and as highmarsh where the plants were growing on a
relatively flat site landward of the creekbank plants. Similar
differentiation was employed in the Spartina alterniflora stands. The
Juneus gerardii stands in Maine were mixed with another rush nearly
identical in growth form, Juncus balticus. Because of the periodic
absence of fruiting or flowering structures necessary for separating
the two during sampling, this stand was treated as a monospecific
stand of Juncus gerardii.

7. A majority of the plant species sampled had a limited
geographic distribution and were therefore unavailable for sampling

in all states. Phragmites communis and Spartina cynosuroides had a
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Figure 1. Geographic location of collection sites in Maine; A - Juncus
gerardii (creekbank and highmarsh) and Spartina alterniflora (creekbank);

B - Spartina alterniflora (highmarsh), Spartina patens, and Carex sp.
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Figure 2. Geographic location of collection sites in Delaware
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Figure 3. Geographic location of collection sites in Georgia;
A - Distichlis spicata, Iva frutescens, Spartina patens, and
Sporobolus virginicus; B - Borrichia frutescens;

C - Spartina cynosuroides



Table 1

Angiosperms Evaluated, Their Geographic Location,

and Sample Quadrat Size for Collection Sites

Quadrat size

Angiosperms Location® m2
Borrichia frutescens G 0.50
Distichlis spicata D G 0.01
Iva frutescens D G 0.50
Juncus gerardiib M 0.01
Juncus gerardii® M D 0.01
Phragmites communis D 0.50
Spartina alternif lora® M 0.10
Spartina alterniflora® M 0.10
Spartina cynosuroides G 0.50
Spartina patens M D G 0.01
Sporobolus virginicus G 0.01

8y = Maine; D = Delaware; G = Georgia
bCreekbank
CHighmarsh
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broader latitudinal growth range than sampled; however, they were

not found in an area where sampling could be done based on the criteria
discussed earlier. Finally, Spartina alterniflora was found in all
locations but sampled only in Maine. Biomass evaluations for Spartina
alterniflora in the southeastern and middle Atlantic coastal regions
were already well documented in the literature (de la Cruz 1973,
Hatcher and Mann 1975, Reimold et al. 1675, Mendelssohn and Marcellus
1976, and Gallagher et al. In press). Therefore, this angiosperm was
investigated only in Maine where literature values were unavailable.

8. Contiguous paired plots as described by Wiegert and Evans
(1964) were employed for the collection of the aerial plant material
and litter. Stainless steel hand pruners or dissecting scissors were
utilized for harvesting. Dissecting scissors were used on all plots
of 0.1 m2 or smaller to increase the accuracy of the harvest by
potentially decreasing experimental error in these small quadrats.
Five samples were taken simultaneously within each stand, at all
locations, and at 56-day intervals from the initiation of the study
on 27 August 1973 through its termination on 25 August 1975 in
Delaware and Georgia. JIva frutescens and Sporobolus virginicus
sampling was not initiated until 3 June 1974 and continued until the
termination of sampling at the other locations. Because of the
severity of the winter and the impossibility of accurate sampling
during menths when the Maine site was covered with ice and snow,
sampling in Maine was restricted to late spring, summer, and early
fall. 1In addition, one 28-day sampling interval was necessary to
approximate initiation time of spring plant growth in Maine.

9, Plant material harvested in the field was separated into
live and dead components and placed in polyethylene bags of sizes
ranging from 0.9 £ to 208.0 £ dependent upon the amount of material
present. Iva frutescens was always separated into living and dead
components in the field due to the brittle nature of the dead portions
of the living stems which when mixed with standing dead tissue were
inseparable. Evidence of green material on the stem dictated the

selection of living plants, and material with an absence of green
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coloration was assessed to be dead. The samples were returned to the
preparation laboratory at the respective sites immediately following
the field sampling. Here they were weighed using a Model 2197 Ohaus
5-kg balance with a sensitivity of + 0.5 g to determine fresh weight
values to the nearest 1.0 g. Dead portions of the living plants

were stripped off and weighed separately. The necessity of sub-
sampling to evaluate dry weights was determined based upon the amount
of material that would adequately fill a 0.9-£ jar. Samples harvested
in Delaware and Maine were packaged and transported by air to Georgia
where they were placed in jars and dried in a mechanically convected
forced draft oven at 100° C to a constant weight. All samples were
removed from the oven when Jdry and weighed on a Mettler Model P11,
1ll-kg-capacity balance with a sensitivity of + 0.05 g. Subsample
data were expanded to include the complete harvest fresh weights, and
subsequently all data were expanded to a square metre basis.

10. All harvest data analyses were based on dry weight informa-
tion. Natural logarithmic transformations were used for graphical
presentation to equalize the variances of all values that had a general
tendency to increase with increasing values of the Y parameters.
Transformations were also used to present information graphically on
similar or, when possible, identical scales. The physiognomy of the
plant species evaluated was such that a wide range of values within
any parameter was observed, making it impossible to plot untrans-
formed information on a comparative scale. Because of the natural
logarithmic transformation, the value of one was added to all values
shown graphically to avoid unpresentable zero values. Statistical
evaluations were completed according to Snedecor and Cochran (1967).

11. The Maine data graphically portray projected minima where
applicable, based on observations during periods when quantitative
data were unobtainable. The dead material components show no pro-
jections during periods when samples were not collected, since there
were no means of adequately assessing this parameter when quantitative
data were unavailable. 1In addition, the frozen, often ice or snow

covered marsh led to the assumptions that decomposition was negligible
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during these periods and that the significant increases or decreases
in dead material amounts were monitored by the data collected early

or late in the season.

Results and Discussion

Borrichia frutescens

12. A seasonal pattern in Borrichia frutescens living aerial
biomass was evident (Figure 4) with declining live material during
the winter and maximum biomass during the summer. The maximum bio-
mass values obtained corresponded to times of flower initiation and
development. The range of Borrichia frutescens dead biomass was con-
siderably smaller than that of the standing living biomass (Figure 4)
and no clear seasonal trend was apparent for this component. Season-
ality of dead material might be evident if the leaves of the woody
Borrichiaq frutescens remained attached to the plant or remained as
litter in the surrounding area after abscission. However, this
material rapidly disappeared from the localized area due to periodic
tidal flushing. Live stem densities (Figure 4) also indicated little
seasonal change although maximum stem counts consistently occurred
in late spring (Figure 4).

13. There were nearly constant amounts of dead material per
stem throughout the 2 yr evaluation period while the dry weights of
individual live stems showed an increase in biomass during the summer

months (Appendix C).

Distichlis spicata

1l4. Living aerial biomass of Distichlis spicata in Delaware
had a more extreme range of values than did the Georgia stand (Figure
5). The colder weather during the winter months in Delaware was
assumed to be the major factor in creating this difference. Maximum
summer living biomass was higher in Delaware (1142 g/mz) than that
computed for Georgia (458 g/mz) with peaks in August or September in
both locations although the Delaware maximum was quite variable. Typi-

. 2 .
cal summer maximum values were approximately 100 g/m~ greater in
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Delaware than in Georgia. The increased variability noted during the
winter in the Delaware samples (Figure 5) was related to the quadrat siz
used for harvesting. During these months, there were insignificant
amounts of living material present in the Delaware marsh, and the
small quadrat size resulted in increased heterogeneity of the samples.
Although the natural logarithmic transformations were utilized to
equalize the variance, in this instance, the procedure tended to make
the smaller biomass variances appear more extreme. The two locations
demonstrated maximum and minimum dead biomass on the same collection
dates and similar ranges (February and August, respectively, Figure 5).
The variation in magnitude of dead material in Georgia was the same

as the range of dead material in Delaware and nearly two times that

of the living biomass in Delaware. This phenomenon suggested a sub-
stantial litter base in the Georgia Distichlis spicata and either an
unstable community where litter accumulation was a dominant factor or
rapid turnover of living biomass was occurring.

15. Stem densities were relatively constant for Distichlzis
spicata in Georgia throughout the year. High densities in Delaware
(Figure 6) corresponded to the warmer summer temperatures. The
Delaware stand was more dense at its peak than the Georgia stand
(6160 and 2300 stems/mz, respectively), and visual observation of the
two stands prior to the initiation of sampling suggested no such
extreme difference in density. Weights of individual living stems
were greatest in late summer for both Distichlis spicata stands, with
the Delaware stems being generally lighter in weight (Appendix C).

The estimated percentage of the living plant which was dead during the
harvest intervals indicated that either the Georgia plants lived
longer than those in Delaware or that new shoots were initiated more
frequently (Appendix C). Based on the amount of dead material present
in Georgia, it appears more likely that new shoots were initiated more
frequently and over a longer period of time. This observation then
suggests that the mortality rate was greater in Georgia as opposed to
the earlier suggestion that individual stems might live longer in

Georgia than those in Delaware.
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Iva frutescens

16, The clumped distribution and shrubby growth form of Iva
frutescens caused greater component variance than with any other species
sampled. The Iva frutescens from Georgia and Delaware displayed
nearly identical ranges of living biomass (Figure 7). The major con-
tribution of Iva frutescens to the estuariue system was the leaf and
flower material lost from the plants during the growing season, as
with Borrichia frutescens. The dry weight of dead Iva frutescens
in the Delaware marsh was both greatest and smallest in late fall
and early winter. Dead biomass of Iva frutescens in Georgia was
smallest in the spring and greatest in August (Figure 7). Neither
stand displayed evidence of litter accumulation. The difficulty
experienced in separating live from dead stem material was similar
to that of Borrichia frutescens samples where stems had to be broken
to discern this difference. The stem radius on this plant was three
to four times greater than that of Borrichia frutescens, which made
harvesting the stems at ground level difficult.

17. Stem density data (Figure 8) indicated a greater number of
living Iva frutescens stems in Delaware than collectéed in Georgia
(Figure 8). Although seasonality of density appeared more evident
in Georgia than in Delaware, stem density determination was often
difficult due to the growth form of the plant and was therefore subject
to question. The Iva frutescens in Delaware was the only angiosperm
at that location which had a nonzero winter stem density or living

biomass component.

Juncus gerardii

18. The amount of living J. gerardii present in Delaware de-
clined earlier in the season than other plants sampled (Figure 9).
Juncus gerardii live biomass showed an increase during the winter
months to a peak that occurred early in the summer. The Maine sites
were more difficult to evaluate because of the varied sampling fre-
quency described earlier; however, a seasonal pattern was discernable.

19. The live Juncus gerardii in the Maine creekbank stand

25
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declined to zero in November where it remained during the winter
months. This decline, indicated by a dashed line on Figure 9, was
close to the actual conditions present based primarily on qualitative
observations at the site and seasonal climatological data. 1In the
highmarsh, the values of living biomass had a smaller range than

that of the creekbank Juncus gerardii. The creekbank data indicated

an earlier growth period possibly due to the buffering of environmental
extremes by the tides. The highmarsh Juncus gerardii was subjected

to greater climatological extremes early in the spring.

20. The dead Juncus gerardii biomass in Delaware (Figure 9)
varied more than that of those plants previously discussed. Decline
in dead biomass was evident in later spring concomitantly with in-
creasing living biomass patterns. The increase in the Maine creekbank
dead Juncus gerardii appeared to be directly associated with a rarid
decrease in standing live biomass. The decreased dry weight of live
material in the highmarsh sites, as compared to the creekbank site,
was significant in determining the potential dead material contribu-
tion at any single sampling time. High values were indicative of late
summer with minimum values consistently occurring in June or July at
both Maine sites when conditions were appropriate for increased
decomposition, increased direct tidal influence, and decreased death
of living plants. The increased range of dead material present in
the creekbank stand suggested increased tidal activity at this site.
In few collections throughout the study did the living material exceed
the dead plant material in any of the stands. The creekbank stand in
Maine most closely approximated the Delaware highmarsh stand with
respect to both living and dead material patterns.

21. Stem density data for Juncus gerardii (Figure 10) in
Delaware showed an early growth initiation. The Maine data (Figure 10)
also displayed a seasonal distribution with rapid early season growth
in comparison to other marsh plants evaluated. The August peak in the
Maine Juncus gerardii occurred considerably later in the season than
the Delaware peak in May. In order to observe a clear growth pattern,

the 7 April 1975 sample in the highmarsh Maine site was best repre-
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sented by the value at the lower portion of the standard error bar
(Figure 10). The Maine creekbank Juncus gerardii stand showed an
earlier peak than the highmarsh stand, The seasonal pattern in Maine

of the second sampling period from April to August of 1975 indicated

the need for shorter sampling intervals in this area to assess the
biomass and stem density changes. The 28~day interval from April to May
appeared to be a more appropriate interval to detect the actual pattern

of the density and living biomass components.

Phragmites communis and Spartina cynosuroides

22. Phragmites communis and Spartina cynosuroides (Figure 11)
had similar living biomass patterns with broader seasonal ranges in
Spartina cynosuroides. The lower biomass of Spartina cynosuroides
found in the second year of study (13 January 1975) was missed or
nonexistent during the bimonthly harvest in the first year of study.
Phragmites communis and Spartina cynosuroides living biomass was
lowest in winter and highest in late summer.

23. The August and October 1973 Phragmites communis samples
were taken at a location that was apparently burned periodically by
an unknown arsonist. Due to the threat of fire, the sampling site
was relocated. The site relocation appeared to have little effect on
the living biomass component; however, the dead component was signi-
ficantly influenced since the first site had no litter accumulation
while at the second site the litter was several inches deep. The
living biomass was consistently higher than the dead in the Spartina
eynosurotdes plots where tidal influence was assumed to be more active.
Phragmites communis had greater amounts of dead material (Figure 11)
where the litter accumulation on the substrate surface was unmistakable.

24. Stem density values (Figure 12) displayed more seasonality
in Phragmites communis than in Spartina cynosuroides stand since at no
time during the study did the living stem density values decline to
zero in Spartina cynosuroides. However, the ranges of living stem
densities were quite similar. An earlier growth period was evident
in the Spartina cynosuroides stand with maximum densities in late

winter or early spring. Individual living stems weighed more in
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Spartina cynosuroides (Appendix C), which explains the increased live
biomass observed in the Spartina cynosuroides stand when stem densities
were similar.

Spartina alterniflora

25, Nearly identical patterns of live biomass were found in the
two Maine sites (Figure 13). The range of living biomass in the high-
marsh Spartina alterniflora was one-~half that of the creekbank material
as found in several other studies along the east coast (Reimold et al.
1973, Kirby and Gosselink 1976, Gallagher et al. In press). Unlike the
Juncus gerardii data previously presented, the range of dead material
(Figure 13) in both stands was very similar. The creekbank Spartina
alterniflora had more instances where the live biomass exceeded the
dead biomass when compared to the highmarsh stand, indicating increased
tidal activity removing dead material. The highmarsh Spartina
alterniflora had fewer dead portions on living stems, which also
indicated that increased tidal activity removed these dead parts from
the creekbank stand (Appendix C).

26, The live stem density data (Figure 14) resulted in nearly
identical patterns at both sites, although the creekbank Spartina
alterniflora density was higher than the highmarsh stem density.

This condition was not indicative of the Georgia marshes where the
stem density was greater in the highmarsh when compared to the creek-
bank (Gallagher et al. In press). Both maximum values were greater
than comparative systems in Georgia. It was evident that the high-
marsh plants had a slightly higher individual stem weight, also unlike
that of the southeastern coastal systems (Appendix C). It must be
noted that, based on tidal elevation data, the highmarsh stand was not
one that was significantly higher in elevation (Part III)., The in-
creased dead removal potential resulted from the steep slope where

the creekbank plants were found as opposed to a relatively flat area

that was designated as highmarsh.
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Spartina patens

27. Living Spartina patens in the Delaware and Maine stands
had a clearer pattern than that in the Georgia stand (Figure 15).
However, the maximum standing crop of living biomass was nearly
identical at all three locations. High living biomass of Spartina
patens in Georgia was found in early spring of the first year and
in summer of the second year. The dry weight of dead material (Figure
15) showed no evident seasonality but an extensive amplitude in the
Georgia stand (Figure 15). The Maine and Delaware living Spartina
patens was high in summer and low in winter. The Delaware Spartina
patens dead biomass range was nearly one-half that of Georgia and
more than one-third that of the Maine stand. The dead biomass in
Maine was consistently lower during the second year of study. The
increase in dead Spartina patens during the winter months in Maine
was 487 g/mz. This condition can be explained by the September sample
assuming no disappearance of dead material during death of the 700.0 +
99.87 g/m2 of live material present at that time. This could have
contributed another 700 g/m2 to the dead component during the winter.
Consequently,the decrease in dead material over the winter was esti-
mated to be 213 g/mz. An excessive litter mat was present in the Maine
stand that introduced variability into the dead samples. The Delaware
and Maine sites both showed a nearly constant excess of dead material
when compared to the Spartina patens live biomass. These trends
fluctuated frequently in the Georgia stand.

28. Live stem density values (Figure 16) showed a near constant
amount of stems present in Georgia in comparison with the seasonal flux
of values in the Maine and Delaware sites. The tufted growth form of
Spartina patens was not visually obvious; however, this type of growth
created variability in the Maine stem density data that ranged from
a winter and early spring low of zero, to a variable maximum of
12880.0 + 2438.3 stems/m2 in August 1975. There was no statistical
difference between this density and the previous 30 June 1975 sample
where a stem density of 9520.0 + 1430.5 stems/m2 was recorded. The

living stems of Spartina patems in Georgia were heavier than those of
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the other sites, but the maximum density occurred in Maine (Appendix C).
Therefore, it is difficult to assess which stand was influenced by
better environmental conditions. Qualitative assessments of the sites

would suggest that the Maine site had far better growing conditions.

Sporobolus virginicus

29. Biomass of living Sporobolus virginicus was at a maximum
of 262.0 + 45.9 g/m2 on 24 September 1974, a value considerably lower
than that of the other angiosperms evaluated (Figure 17). There was
minor evidence of grazing by ungulates on Sporobolus virginicus so
fences were constructed around the plots to act as exclosures.
Sporobolus virginicus dead material decreased after the exclosures
were constructed, but this decline was not directly attributed to
the construction (Figure 17). The area was a transition zone between
the forested highland and the regularly flooded marsh, Because of
the transitional structure of this system, it may not be stable. Live
stem densities exhibited a similar pattern to that in the Georgia
Distichlis spicata, although density values were considerably higher
than those of the Distichlis spicata plots (Figure 17). Variability
was high in Sporobolus virginicus, which was attributed to its uneven

distribution.

Living biomass

30. Latitudinal effects between similar and/or identical plant
species are apparent in the living biomass minimum values summarized
in Table 2. The Delaware and Maine angiosperms responded to the
coldest winter temperature by producing no plants which grew or
overwintered in a living state except for the woody Iva frutescens
(Appendix A). The more distinct seasonal patterns of living biomass
in Maine and Delaware appeared to be influenced by the number of days
below 0° C (Appendix A). Maine had 142 days below freezing (October
to April), while Georgia had only 3 days below freezing (December to
March), on the average.

31. There was no evidence suggesting that difference in the

length of the growing season had a pronounced effect on the maximum
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values. One might assume that the substrate properties alone could be
the dominating factor in regulating the maximum live biomass. The
optimum growth habitat is not known for many of these minor marsh plants,

which also makes latitudinal comparisons inconclusive,

Dead biomass

32. Dead biomass maximum and minimum values summarized in Table
2 reflect the influence of the tides and the rate of decomposition.
The most variation between maximum and minimum dead biomass was found
in the Maine stands, These plants were all found to be growing below
mean high water (mhw), indicating a more frequent tidal flushing
(Part ITII). The Delaware and Georgia sites had similar percent varia-
tion between maximum and minimum dead biomass. Based on mhw data
(Part IIT), the variation of dead material should be similar in
Delaware and Georgia as indicated by the results. Due to the extreme
difference in climate, decomposition should be greater in Georgia.
Spartina patens data support this conclusion, although the variability
of the tides is enough to suggest that it is a predominating influence
in determining the amount of dead material that remains in any single
stand.

33. The amount of dead material present may be extremely
important as a nutrient source for continued production (Maye 1972).
In addition, the living contribution is the mwaterial that dies and
can greatly vary between sites. Therefore, quantification of mortality

is important in determining an accurate assessment of the system.

Tidal influence

34, The tidal influence is an important entity that strongly
influences the growth of the plants and has been called "tidal subsidy"
by Odum (1961) and Odum and Riedeburg (1976). They suggested that those
plants influenced regularly by the tides, particularly the tall height
form of Spartina alterniflora, have a greater growth potential based
on increased nutrient loads, aeration, and a number of other environ-
mental factors regulated by tidal activity. The increased stem

densities of the Maine plants compared with the Delaware and Georgia
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plants (Table 2) support this theory. When comparing the creekbank
and highmarsh stands in Maine, the maximum living biomass also supports
this hypothesis, although the creekbank Spartina alterniflora values
might vary according to where the highest percentage of samples were
taken (i.e., above or below mhw). In comparing maximum living biomass
between states, there is no evidence to support the tidal subsidy
theory, and the site differences, excluding tidal influence, may have
been great enough to dictate the results obtained. Hubbard (1969)
suggested that the length of inundation alone can influence plant
response.

35. Because the climatic differences, soil properties, tidal
activity, and other biotic and abiotic factors are acting on any
single site, the collective action might be termed environmental
metabolism. This collective term would then indicate not simply the
entities which together form the enviromment, but the activity and
interaction of these entities. The components which quantify environ-
mental metabolism must be examined for each site to draw conclusions

related to growth response.

Seasonal patterns

36. The resulting seasonal patterns obtained in this study were
similar to those obtained by Wiegert and McGinnis (1975) in three
South Carolina old fields. Live biomass of several angiosperms (e.g.,
the Georgia S. patens, D. spicata, and S. virginicus) did not demon-
strate clear seasonality of all components studied because of the
longer growth period. The raw data do, however, suggest seasonality
in most components (Appendix C). A cyclic seasonal pattern of the
pature obtained indicates the stability of the stand (Wiegert and

McGinnis 1975).

Sampling problems

37. 1In sampling the angiosperms, numerous difficulties arose
that should be noted. On 17 December 1973, the living Distichlis
spicata in Delaware was zero; however, the live stem density for the

same month was 700.0 + 94.9 stems/mz. It should be noted that a
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majority of the living stems harvested consisted mainly of dead por-
tions (99.0 percent). The stripping of the dead material from the
living tissue resulted in sample biomass too small for accurate
weighing. Therefore, the expansion of the data to a square metre
basis increased the mean number of stems by 100 without an increase
in the live biomass that could not be determined.

38. Juncus gerardii in Delaware presented similar errors.
Although inadequate amounts from biomass determination were found,
the living shoots of Juncus gerardii had a high density in early
spring. The response of Juncus gerardii was such that it is a cool
season plant, with early shoot growth during a period when air
temperatures were still periodically below freezing. An increase in
dead biomass early in the season in this species was possibly due to
high mortality of the young shoots during freezes. Tor whatever
reason(s), densities of small young shoots were extremely high, but
living biomass increases could not be detected.

39. Both the Distichlis spicata and Juncus gerardii discrep-
ancies were a direct result of inadequate sample size. Minimum sample
sizes determined in August were inadequate when utilized during the

winter months.

Research needs

40. Although this study might provide additionmal data for those
working in marsh systems, additional information on the physiological
tolerances and the importance of these plants to the total system is
still needed. Because of the limited areal extent of these plants,
they have been neglected in marsh ecosystem studies. If it is the
purpose of the marsh ecologist to describe, quantify, and model these
systems, the minor